In 1962, R.B. Merrifield published the first procedure using solid-phase peptide synthesis as a novel route to efficiently synthesize peptides. This technique quickly proved advantageous over its solution-phase predecessor in both time and labor. Improvements concerning the nature of solid support, the protecting groups employed and the coupling methods employed over the last five decades have only increased the usefulness of Merrifield's original system. Today, use of a Boc-based protection and base/nucleophile cleavable resin strategy or Fmoc-based protection and acidic cleavable resin strategy, pioneered by R.C. Sheppard, are most commonly used for the synthesis of peptides 1 .
.
Inspired by Merrifield's solid supported strategy, we have developed a Boc/tert-butyl solid-phase synthesis strategy for the assembly of functionalized bis-peptides 2 , which is described herein. The use of solid-phase synthesis compared to solution-phase methodology is not only advantageous in both time and labor as described by Merrifield 1 , but also allows greater ease in the synthesis of bis-peptide libraries.
The synthesis that we demonstrate here incorporates a final cleavage stage that uses a two-step "safety catch" mechanism to release the functionalized bis-peptide from the resin by diketopiperazine formation.
Bis-peptides are rigid, spiro-ladder oligomers of bis-amino acids that are able to position functionality in a predictable and designable way, controlled by the type and stereochemistry of the monomeric units and the connectivity between each monomer. Each bis-amino acid is a stereochemically pure, cyclic scaffold that contains two amino acids (a carboxylic acid with an α-amine) 3, 4 . Our laboratory is currently investigating the potential of functional bis-peptides across a wide variety of fields including catalysis, protein-protein interactions and nanomaterials.
Video Link
The video component of this article can be found at https://www.jove.com/video/4112/ Protocol 1. Setup 1. The reaction set-up for the solid-phase synthesis is a polypropylene filter cartridge or glass reactor that is connected via polypropylene tubing to an enclosed filtering flask under vacuum as shown in Figure 1 . The reaction can be mixed by a magnetic stir bar or by bubbling nitrogen through the reactor. 2. A gas manifold connected to an Argon cylinder equipped with a drying tube and oil bubbler is also recommended as it allows the reaction vessel to be contained under an inert atmosphere and allows the removal of reagents from sealed containers. 3. All operations are performed in a fume hood and proper personal protective equipment (safety glasses, lab coat and nitrile gloves) is required.
1. Dissolve crude bis-peptide in a minimal amount of dimethyl sulfoxide (100-250 μL) and transfer into HPLC vial insert. Place insert into autosampler of semi-prepitive HPLC system (Hewlett Packard 1100 Series) equipped with an XTerra Prep MS C18 5 μm 7.8x150 mm column and a 100 μL injection loop. 2. Perform multiple 50 μL injections of the sample using a gradient program of 5-95% acetonitrile in water with 0.1% formic acid over 30 minutes while monitoring at 274 nm. Collect the product peak in a pre-weighed disposable centrifuge tube and freeze dry using a lyophilizer. Caution should be taken with the first run as a slight shift in peak retention time compared to analytical LCMS is typically observed. The final product and activated intermediates can be assessed using an HP 1200 series LC-MS system equipped with a Waters Xterra MS C18 3.5 μm 4.6 mm x 150 mm column and a gradient system of 5-95% acetonitrile in water with 0.1% formic acid over 30 minutes.
Assessment Methods

METHYL RED TEST
Representative Results
An example of both crude (Figure 4 ) and purified ( Figure 5 ) LCMS traces are provided. Purified yields of approximately 10% are expected using the methods outlined above. 
